
STP520-EB/Aug. 1973 

Index 

A 

Activation 
energy, 592 

fatigue crack growth, 142, 145 
thermal, 592 

Aging 
fatigue effects, 236, 250, 356, 363 

in steel, 321,328, 431 
strain (see Strain, aging) 

Alloying (see also Precipitates) 
aluminum, 429 
boron, 295 
carbon, 332 
and fatigue, 296, 332, 339 
hafnium, 295 
interstitial, 301 
refractories, 296 
and rupture strength, 338 
titanium, 296, 429 
substitutional, 333 
Y203, 429 
zirconium, 295 

Annealing 
polygonization, 75 
recovery, 70, 90, 293, 306, 593, 

594 
recrystallization, 491,517 
temperatures, 288 

B 

Bauschinger effect 
modelling, 614, 615 

Biaxial stress state, 678 (see also 
Combined stress state) 

7 8 7  

C 

Calibration, 211 
Carbides (see Composites; Precipi- 

tates) 
Cavitation 

boundary sliding, 46 
crack initiation, 46, 381,594 
nucleation, 48, 96, 149 

Cavity 
linkup and growth, 48, 163, 308, 

385, 422, 462, 594, 596 
nucleation, 46, 381,462, 576, 594 
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interpretation, 738 
public safety, 734-736 
rules for elevated temperature, 

735, 771 
standardization, 736, 739 
and technology, 734, 740 

development, 742 
Combined stress states, 29, 231,462 

595, 597, 678, 707 
in ratchetting, 537 

Composites 
carbide fiber, 519 

Composition (see Alloying) 
effects (see Precipitates; Material 

types) 
Computer use, 211,258, 588,596,714 

in ductility exhaustion, 629 
Constitutive equations (see Equa- 

tions) 
Continuum theory, 588, 604 
Corrosion (see also Oxidation) 

as failure cause, 231 
fatigue, 233, 274, 482, 667 
hot, 287, 410 
intergranular, 517 
resistance, 332, 438 
stress, 482 
testing, 195 

Crack 
arrest, 425 
branching, 422 
closure, 181,252 
coalescence, 502 
environment, 44, 410 
fatigue, 139, 175, 201,345, 416 

activation energy, 142 
growth rate, 25, 46, 51, 113, 116, 

125, 140, 157, 163, 167-169, 
201, 243, 308, 345, 349, 387, 
393, 417, 421,449, 482, 509, 
586, 604, 728, 764 

frequency effects, 117, 350, 351, 
353, 586, 763 

oxygen effects, 53, 117, 763 

and properties, 395-397 
and temperature, 27, 174, 177, 

509 
and transition with tempera- 

ture, 391 
unstable, 151 

and hysteresis loop, 339 
initiation (nucleation), 5-9, 17, 21, 

39, 46, 50, 90, 113, 128, 146, 
149, 243, 246, 292, 296, 320, 
404, 410, 412, 413, 417, 424, 
439, 449, 500, 502, 503, 509, 
526, 576, 586, 604, 652, 671, 
679, 705, 745, 764, 772 

creep dependency, 43,498 
laws, 765 
sites, 43, 96, 250, 251,279, 292, 

296, 404, 410, 411,422, 433, 
441,448, 470, 494, 504, 507, 
518, 558, 586, 652 

instability, 151 
intergranular, 49, 127, 128, 250, 

251,362, 424, 650 
length, 168, 509 

critical, 44, 387, 594 
initial, 126, 158, 159, 185, 488 
measurement, 201,417 

mechanisms, 43, 44, 404, 410, 422 
microcracks, 7, 523, 728 
mode, 26, 169, 176, 422, 434, 444, 

501,586, 630 
prediction, 50 
and strain rate, 134 

nucleation (see initiation) 
opening displacement, 9, 158 
path, 128, 136, 250, 324, 362, 422, 

434 
preeracking of specimens, 348 
propagation, 6, 39, 46, 90, 113, 

125, 139, 166, 168, 171, 243, 
246, 307, 320, 345, 350, 404, 
412, 416, 419, 420, 424, 439, 
482, 501, 508, 509, 526, 586, 
679, 705, 745, 772 
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in air, 404 
and alloying, 295 (see also 

Alloying) 
control in testing, 388 
frequency effect, 26, 112, 114, 

117, 351,432 
and precipitates, 170 (see also 

Precipitates) 
rapid, 46, 170, 172 
rate (see Crack, growth rate) 
and temperature, 26, 419 

resharpening, 53, 171, 174, 594 
shape, 411,422 
size, 125, 174, 188 
slip band, 51 (see also Disloca- 

tion) 
stages 

I; 38, 44, 292, 442, 449, 586 
II; 38, 44, 53, 442, 449, 587 

subsurface, 53 
surface, 51, 127, 130, 136, 308, 

434, 470, 486 
thermal, 242 
tip, 44, 46, 146, 171,180, 308, 420, 

471,486, 509, 586 
blunting, 162, 296, 308, 594 
heating, 526 
radius, 158 
stresses, 508, 579, 766 

transgranular, 127, 128, 404, 448, 
650 

holdtime, 49, 362 
transition, 46, 58, 127, 362 
triple point (wedge), 50, 119, 150, 

384, 594 
Creep 

cavitation, 48 
component, 50, 614, 663, 748 
compressive, 48, 49, 476, 499,659, 

665 
crack initiation, 21, 43, 145, 462 
cracking, 46, 462, 588 
damage, 176, 321, 366, 369, 482, 

580, 745 (see also Damage) 

deformation (see Deformation) 
failure, 162, 381,688 
fatigue interaction, 21, 114, 149, 

157, 166, 168, 175, 224, 349, 
355, 366, 368, 402, 462, 469, 
492, 496, 502, 575, 582, 588, 
603, 619, 625, 627, 638, 641, 
644, 649, 658, 670, 676, 688, 
705, 745, 748, 780 

fracture, 150, 377 
hold, 49 

rate, 150, 314, 463, 466, 468, 470, 
586, 593, 691,696 

resistance, 287, 295, 476 
rupture, 49, 287, 295, 470, 580, 

650, 746 
strain, 21,366, 628, 642, 671,690, 

706, 713, 748 
and frequency, 153, 642, 663 

strength, 498, 626 
subgrains, 71, 75 
tensile, 48, 49, 476, 499, 659, 665 

Crystal 
polycrystalline versus columnar, 

410 
structure, 301 

Cyclic 
cell focmation, 76, 301 
control, 225 
creep, 149, 158, 650, 671 
deformation, 305, 306, 479, 671 
energy, 476, 478, 479 
growth (see Ratchetting) 
hardening, 90, 132, 302, 324-327, 

373, 463, 465, 623, 686, 712 
plasticity, 169, 171,345, 603 
plastic strain, 30 
rupture, 452, 460 
softening, 90, 132, 463, 465, 616, 

623,686 
strain hardening exponent, 11 
stress, 293,463, 553 

thermal, 650 (see also Cycling, 
thermal) 
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stress-strain curve, 126-128, 224, 
326, 475,476, 679, 712 

model, 614, 679 
serrated, 306 

Cycling 
A-ratio, 440 
bend, 453,701 
compressive, 48 
frequency dependence, 112, 351 
in fatigue, 114, 555, 576 
push/pull (fully reversed), 48, 83, 

125, 301, 321, 356, 367, 440, 
478, 483, 493, 513, 524, 555, 
627, 638, 649 

R-ratio, 158, 348, 432 
random (temperature), 104 
reverse bend, 233, 321, 483, 513, 

524 
sonic, 256 
stability, 651 
strain, 167, 195, 334, 366, 473, 

482, 491, 553, 577, 582, 627, 
638, 651,771 

stress, 248, 265, 451 
thermal, 83, 167, 195, 197, 227, 

232, 246, 266, 311,316, 366, 
402, 451,473, 477, 491,496, 
500, 555, 619, 649, 665, 681 

torsional, 48, 513 
wave form, 637 

D 

Damage (see also Holdtime) 
accumulation, 224, 355, 594, 596, 

670 
and energy, 477 
linear, 18, 114, 366, 579, 627, 

633, 650, 670, 674 
rate, 154 

creep, 224, 304, 308,350, 355,366, 
368, 372, 373, 475, 480, 498, 
579, 642, 644, 705, 708, 767 

cumulative, 81, 95, 176, 321,366, 

478, 500, 506, 508, 548, 582, 
626, 630, 645, 705, 757 

fatigue, 91, 134, 224, 321, 368, 
372, 431, 475, 480, 498, 633, 
652, 705, 707, 708, 729 

holdtime, 320, 506 (see also 
Holdtime) 

fraction, 675 
function, 595 
Miner's rule, 91,508 
plot, 627 
recovery, 595 
rules, 19, 368, 478, 548, 577, 582, 

603, 626, 628, 650, 707, 746, 
751,757 

surface, 302, 304, 305, 308, 504, 
524 

Decarburizing 
and properties, 335, 690 

Defect (see Cavity; Crack; Flaws; 
Voids) 

Deformation 
behavior, 616 
creep, 151,499, 626, 671,691 
and gamma prime, 295, 429 
inelastic (see Strain) 
mechanical twinning, 128, 486, 

490 
nonhomogeneous, 305, 433, 508 
plastic, 46, 251,287,295,499, 523, 

671 (see also Strain, plastic) 
in crack growth, l 51 

state, 7 
time independent, 151, 671 
work hardening, 90, 504 (see also 

Cyclic, hardening) 
Dendrite 

interdendritic cracking, 404 (see 
also Crack) 

spacing, 404 
Design, 17, 226 (see also Lifetime) 

and codes (see Codes) 
of experiments, 212, 250, 258, 264 
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Design parameter plots, 638, 644 
(see also Creep, fatigue inter- 
action; Holdtime) 

Diffusion 
of carbon, 333 
coatings, 236, 410 
in LCF, 80, 748 

mechanism, 91 
self, 592 

vacancy, 594, 729 
volume, and crack growth, 139, 

145, 147 
Dislocation 

arrangements, 69, 70, 305, 433, 
449, 587 

bowing mechanisms, 292 
cell formation, 69, 70, 76, 125, 

302, 305, 434 
inhomogeneity, 305 
size, 306, 434 

climb, 38, 51, 77, 463, 592 
concentration, 44, 433 
cross slip, 38, 51, 77, 125,301 
density, 85, 90, 305,450, 592, 593, 

615, 630 
frequency effects, 38 
jogs, 463, 594 
locking, 304 
loops, 70, 71 
mobile, 70 
mobility, 91, 305, 463, 587, 592, 

594, 616 
multiplication, 305, 616 
pinning, 61 
strengthening, 306 
subgrain, 70 
substructure, 69, 80, 85, 302, 304 
superlattice, 440 
tangles, 70, 433, 471,729 
velocity, 592, 614 

Driving force 
in crack growth, 144, 147, 420 

Ductility, 295, 402 

in creep, 151, 582, 586, 597, 651, 
754, 762 

and crack growth, 395 
cyclic, 662 
ductile rupture, 308, 594, 762 
exhaustion, 625-634, 657, 747 
and fatigue, 16, 409, 632, 754 
fraction, 597 
and strain range partitioning, 661 

Dwell (see Holdtime) 

E 

Energy equation (constitutive the- 
ory), 606 

Environment, 195, 243,482, 584 
air, 51, 112, 233, 296, 321, 329, 

348, 356, 401,404, 410, 459, 
584 

argon, 296 
and coatings, 235, 279, 413 
control, 211 
and frequency, 24, 112, 114, 119, 

432, 584 
gaseous, 44, 51,235 
humidity, 140 
iodine, 482 
kerosine, 513, 517 
nitrogen, 140 
oxygen, 21, 51 

and frequency, 117, 432, 777 
protective, 762 
PbO, PbBr2, PbSO4, 235 
salt, 268, 270 
simulation, 256, 274, 773 
sonic, 262 
SO2, 296 
steam, 273, 324, 329 
vacuum, 21, 51, 296, 324, 329, 

452, 491,584, 777 
V2Os-NaSO4, 296 

Equations 
basquin, 14 
bowie, 169 
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Coffin-Manson, 12, 153, 225, 452, 
480, 487, 577 

constitutive, 588, 621 
damage (see Damage, rules) 
Hall-Petch, 302-305 
high temperature fatigue, 11, 17, 

25 (see also Lifetime, predic- 
tion) 

Manson universal slopes, 15 
Miner's rule (see Damage) 
Neuber's rule, 30, 584, 681 
Paris equation, 141, 180, 351,391 
ratchetting, 570 
Stowell, 478, 584, 680 
ten percent rule, 496, 579, 745 
universalized life, 754 
universal slopes, 579, 652, 745 

Erosion, 656 
Extensometers 

analog strain, 197, 356 
design, 208, 474 
effects, 10, 324, 494 

F 

Failure (see also Creep; Fatigue; 
Fracture) 

criteria, 6, 7, 17, 18, 226, 233,274, 
324, 335, 440, 478, 495, 586, 
594, 595, 603, 629, 632, 647, 
650, 654, 659, 665, 671, 683 

energy, 478 
location, 270 (see also Crack, ini- 

tiation, sites) 
Failure mechanisms, 761 

crack initiation, 44 
brittle boundary phases, 119 
shear, 50 

creep, 119, 470 
diffusion control, 91, 93, 144, 147 
mode, 502, 629, 749 
and models, 614 
propagation, 44 
slip control, 91, 93 

Fatigue (creep interaction), (see 
Creep) 

and alloying (see Alloying) 
coatings (see Coatings) 
crack, 25, 38, 113, 125, 139, 150, 

180, 187, 348, 416, 441, 518, 
579, 582, 587 

oxidation, 25, 53, 518 
endurance, 127, 130, 180, 321, 

324, 674 
and grain size, 288, 304 
high cycle, 9, 274, 524 
intergranular, 38, 46, 51 
isothermal, 172 
life (see Lifetime) 
limit, 185,301 
low cycle, 68, 172, 287, 332, 339 

355, 452, 524, 650, 678 
frequency modified equation, 

113, 153, 452, 579 (see also 
Frequency) 

of oxide coatings, 94, 102 
and ratchetting, 553 
resistance, 29, 50, 253, 292, 301, 

388 
striations, 46, 162, 251, 280, 307 

308, 362, 446, 449 
subgrain size, 75 
thermal, 37, 49, 108, 167, 170, 172, 

199, 238, 242, 287, 296, 401, 
402, 410, 413, 417, 419, 553, 
582, 586, 665, 767 

transgranular, 38, 50 (see Cracks, 
stage ll) 

ultrasonic, 280 
Finite element analysis, 6, 7, 30, 420, 

598, 604, 613, 616, 621, 680, 
689, 706, 710 

Flaws (see also Cavity; Crack) 
already existing, 387 
distribution, 724 
size, 724 

critical, 725 
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shape, 724 
echo ratio, 724 

Fluidized bed, 242, 416 
Forging 

effect on fatigue, 237, 329 
Fracture 

appearance, 162, 170, 251, 307, 
308, 425, 449, 471,501 

cleavage, 46, 130, 449, 470 
cyclic, 46 

dimples, 162, 308, 381 
ductile, 377, 381,470, 566, 594 
fatigue, 195, 307, 308, 324, 469, 

470, 639 
grain boundary (see Grain, 

boundary) 
interdendritic, 170 
intergranular, 21, 46, 70, 119, 289, 

308, 433, 462, 470, 594, 745, 
749 

oxygen, 51, 56 
mechanics, 6, 9, 166, 345, 350, 

353, 387, 419, 587, 679, 723, 
728, 764 

mechanism, 307, 309, 587, 748 
mode, 21, 24, 25, 112, 172, 289, 

308, 360, 384, 433, 470, 471, 
749 

shear, 50 
strain, 91,450, 674 
stress, 723 
surface, 170, 279, 308, 361, 377, 

449,466 (see also appearance) 
and temperature, 301 
transgranular, 44, 119, 170, 289, 

308, 381,749 
oxygen, 51 

toughness, 182, 394 
Frequency, 12 (see also Strain rate; 

Holdtime) 
and crack growth, 280, 345, 350, 

351,353 (see also Crack) 
and creep component, 50, 152, 

154, 582 

effect, 15, 38, 58, 112, 152, 199, 
273, 280, 321, 432, 451, 454, 
457, 459, 460, 480, 576, 582, 
603, 637, 642, 643, 663, 674, 
696, 746, 753, 759, 776 

and environment, 112, 280, 586, 
757, 761 

and oxidation, 53, 108, 117, 273, 
280, 459 

ranges, 113 
ultrasonic, 273 

and temperature, 63, 108, 351, 
603,746 

G 

Grain (see also Single crystals) 
boundary, 44 

cracking, 25, 120, 130, 134, 381, 
384, 422 

damage, 154, 304, 308,630, 651, 
748 

embrittlement, 301 
fracture, 119, 134, 295, 434 
hardening, 306 
ledges, 305 
migration, 46, 48, 85, 470 
orientation, 404 
oxidation at, 53, 296, 586 
precipitates, 70, 295, 361 (see 

also Precipitates) 
serration, 85, 94 
shape, 296 
shear, 48 
sliding, 46, 96, 119, 150, 296, 

379, 435, 594, 596, 748 
strength, 128, 295 
transverse, 289 

orientation, 401,449 
refinement, 287, 288, 292 
size, 50, 130, 287, 301, 306, 307, 

402, 404, 412, 465, 470, 488, 
652 

and LCF, 288, 301 
structure (duplex), 288 
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subgrain 
boundaries, 85 
misorientation, 70 
size, 306 

substructure, 70, 80, 306 
twist boundaries, 70 

Gripping, 198 
design, 205 

H 

Hardening (see Cyclic; Strain) 
Healing, 726 (see also Stress, mean) 
Heat 

affected zone (HAZ), 588, 690 
in ferritic welds, 151 

methods in testing, 202 
treatment effects, 250, 333, 346, 

355-357, 485, 488, 506, 515 
(see also Annealing) 

History effects, 591,613 
modeling, 620 

Holdtime (see also Frequency) 
in cyclic creep, 154, 158 (see also 

Creep, fatigue) 
creep, 154, 627,632, 696, 746, 760, 

761 
component, 19, 50 
compressive, 49, 366, 474, 482, 

506, 576, 638, 643, 746 
tensile, 49, 125, 134, 366, 367, 

372, 474, 482, 506, 638, 641, 
746 

endurance, 136, 576 (see also 
Lifetime) 

in fatigue, 17, 19, 27, 321, 326, 
356, 357, 362, 366, 372, 402, 
408, 452, 474, 475, 478, 482, 
486, 488, 496, 516, 586, 597, 
637, 639, 670, 702, 705, 706, 
746, 760, 761 

and particle size, 293 
in ratchetting study, 710 
saturation, 360, 372, 638, 642, 760 
slip dispersal, 38 (see also Slip) 

and strain rate, 643 
threshold, 368 
transition, 583, 603 

Hysteresis loop, 27, 197, 225, 453, 
476, 477, 483, 673 

in energy approach, 479 
in partitioning approach, 658- 

660, 753 
ratchetting, 548 
stability, 477, 650, 748, 753 

Interaction (see Creep, fatigue) 
damage rule, 751 

Interspersion (see Creep, fatigue in- 
teraction; Damage, cumula- 
tive) 

J 

Joint efficiency, 694 

L 
Lifetime 

coatings, 410-412 
of cermet, 519 
crack stages, 25, 38, 404, 410 
in creep fatigue, 149, 158-162, 

367, 470, 480, 498, 638, 643, 
663, 665, 671,746, 749, 753, 
757 

design, 5, 15, 49, 633, 670, 678, 
694, 697, 704, 707, 771 

endurance, 180, 435, 440, 448, 
450, 501,503, 506 

fatigue, 44, 61, 83, 112, 126, 166, 
268, 273, 301, 304, 307, 368, 
429, 448, 451,456, 475, 482, 
496, 501, 530, 558, 561, 586, 
597, 663, 670, 694, 699, 703, 
706, 728 

frequency modified, 12, 16, 25, 
339, 357, 404, 409, 410, 452, 
745 
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fatigue transition, 15, 454 
frequency effect, 459 
initial crack length, 158 
notch effect, 498, 502, 678 
partitioned strain range, 660, 751- 

753 
porosity, 43, 477 (see also Cavity) 
prediction, 69, 91, 113, 126-128, 

576, 582, 597, 603, 617, 622, 
631, 639, 650, 660, 663, 665, 
667, 678, 683, 694, 745, 764, 
770 

in crack growth, 151-153, 186, 
295, 394 

energy method, 478, 479 
with holdtime, 134, 368, 602 

service, 57, 679 
surface effects (see Surface, prep- 

aration) 
Load ratio (see Cycling, R-ratio) 

M 

Machining 
effects, 526-530 
parameters, 524 

Material types 
aluminum, 301 

base alloys, 46 
1100; 24 
2024; 24 
2618-T6; 512 
5052; 157 
5454; 139 
7075; 145, 163 
Cu; 501 
Mg; 139 

Brass 
alpha, 301 
high Zn, 38 

Cermet, 519 
Cobalt base 

MAR-M 302; 402 
MAR-M 509; 167 
WI-52; 402 

FSX-414; 416 
Hastelloy-X, 256 
Haynes Alloy 25; 256, 295 
iron, 301 
magnesium 

alloys, 50, 124 
Nickel A, 24 
nickel-base superalloys, 474 

ATGW2; 517 
B1800; 618 
B1900 W/Hf; 167, 409, 627, 

649 
In 100; 295, 649 
In 713; 518 
In 718; 24, 523 
In 738; 295 
In 751; 237 
In 853; 292, 427 
In X-750; 463 
MAR-M200; 26, 38, 167, 291, 

409, 649 
Monaloy; 350, 409 
Nickel A; 24 
Nimonic alloys; 296 
Nimonic 90; 517, 649 
Nimonic 100; 517 
713 C; 296 
Alloy 800; 366 
901 ; 288 

Ni-Cr-AI alloys, 291 
Ren6 41; 256 
Ren6 77; 416 
Ren6 80; 523 
Ren6 95; 523 
stainless steels 

austenitic, 38, 114, 671 
low carbon, 46 
18Cr-12Ni-Cb; 92, 377 
20Cr-25Ni-Cb; 125 
A286; 23, 112, 451 
304; 11, 49, 69, 276, 355, 366, 

387, 403, 553, 637 
316; 49, 69, 355, 387, 659, 690 
321 ; 387 
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347 ; 24 
348; 387 
V57; 452 

steel 
ferritic; 116, 311,690 
low alloy (Ni,Cr,Mo,V), 67 
low carbon, 81, 113 
C1010; 24 
C1018; 24 
1/2Cr, Mo-V; 320 
21ACr, MoV; 332, 659, 690 
A212B; 345 
A302B; 553 
A517F; 345 
9Ni-4Co-0.30C; 345 
JIS-SCM-3; 553 
21-4N; 238 
21-2N; 238 

tantalum, 24 
ASTAR 811C; 491 
T-111; 491 

titanium, 264 
TDNi; 292 
Udimet 500; 21 
Udimet 700; 26, 46, 288, 409, 

618 
Udimet 710; 439 
Waspaloy, 292 
Zircaloy-2; 482 
Zircaloy-4; 483 

Microstructure 
changes (during fatigue), 83, 361, 

479, 630 
and coatings, 410 
control, 287,356 
and crack growth, 346, 422, 432, 

501,509 
and fatigue, 287, 321, 328, 432, 

479, 486 
refinement, 401,404 
in low-cycle fatigue, 80, 356, 362 
stability, 491 
twinning, 486, 728 

Modulus, 169 
effect on life, 404 
secant, 584, 680 

N 

Neutron irradiation, 488, 623 
Nondestructive tests, 722 

acoustic 
emission, 725, 728, 729 
holography, 725,728 

applicability, 705, 725 
defect standards, 724 
exoelectron emission, 729 
optical, 731 
positron half-life, 731 
pulse echo, 726 
reliability, 722 
in service, 726 
signature-baseline generation, 728 
slip motion, 729 
stress gradients, 722, 731 
ultrasonic, 724 

in fatigue, 731 
synthetic aperatures, 725, 727 

Notch, 5, 265, 494, 502, 514, 584, 
602, 679 

effect at high temperature, 29,237, 
245, 496, 498, 502, 514, 681, 
703, 705 

root, 6, 508 
strains, 7, 507 

surface, 504 

O 
Oxidation 

chemistry, 401 
and crack measurement, 324 
crack tip, 56, 134, 579, 604 
fatigue crack initiation, 53, 234, 

251, 287, 296, 410, 448, 579, 
586, 604 

film, 23, 51 
frequency effect, 57, 132, 459, 586 
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growth rate, 109, 132, 296, 604 
intergranular attack, 404, 437,470 
layers, 53, 109 
preoxidation, 56 
rate of formation, 53, 109, 110 
resistance, 296, 409,428,470, 518, 

652 
surface, 248, 762 
and temperature fluctuations, 102, 

108, 234, 251,401,408, 626 

P 

Plastic 
blunting, of crack tip, (see Crack, 

tip) 
deformation (see Deformation, 

plastic) 
instability, 27, 197, 651 
strain, (see Strain, plastic) 
superplastic, 288 
zone, 6, 7, 586 

and life prediction, 134, 586 
measurement, 202 
size, 8, 125, 146, 169, 180, 185, 

397, 426, 588 
Porosity (see also Cavitation) 

fatigue life, 43,477 
Precipitates (see also Alloying) 

brittle, 51 
carbides, 167, 295, 296, 401,402, 

410, 433, 448, 491 
CbC, 49 
coherent, 38 
and dislocations, 305, 433, 440, 

442 
dissolution, 292 
distribution, 291, 293, 360, 404, 

432, 439, 463 
fibers, 519 
formation, 378 
free zone, 50 

optimum, 50 
heat treatment, 291 

gamma prime, 44, 167, 291, 409, 
429, 439, 470, 630 

growth, 96, 360, 384 
incoherent, 38, 49 
and life, 25,361,404, 410 (see also 

Lifetime) 
and matrix, 594 
M23C6; 48, 50, 70, 76, 360, 384, 

422 
MC, 43, t67 
oxidation rates, 56, 408 
precipitation, 360-362, 523 

hardening (see Strengthening) 
second phases, 48, 504 
shape, 43,404, 439 
shear of, 292, 440, 630 
size, 43, 293,404, 410 
stability, 355 
thoria, 49 
volume fraction, 293,432 

Pseudo stress, 360, 529 

R 

R-ratio (see Cycling) 
Radiation damage (see Neutron 

irradiation) 
Ratchetting, 17, 27, 197, 624, 747 

area effect, 547 
creep, 538, 567 
design, 721 
growth, 541,709, 715, 720, 761 
isothermal, 536 

combined stress state, 537 
material property changes, 544 
mechanical, 201 
rate, 27 
rules, 715-721 
shakedown, 541,543, 564, 615 
stability, 566 
strain, 29, 548, 555, 560, 565,567, 

713 
accumulation, 536, 540, 557, 

566, 597, 715, 762 
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hardening, 545, 566, 568, 714 
increment, 567 

stress relaxation growth, 538,542, 
547 

stress-state, 546 
temperature effects, 541,710 
thermal, 201, 539, 540, 564, 568, 

710, 711 
work hardening effect, 568 

Recording, 211 

S 

Signature-baseline generation (see 
Nondestructive tests) 

Single crystals 
in fatigue, 410 
oxidation, 53 

Slip 
bands, 280, 301, 379, 439, 449, 

587, 630 
spacing, 440 

character, 38, 69, 291 
concentration, 292, 449 
dispersal, 38, 61,450 
mechanisms, 80, 91, 94 

detection, 728, 729 
offsets, 291 
planar, 38, 44, 124, 291,301,440, 

616, 620, 669, 748 
homogeneity, 38, 46, 51, 449, 

616 
planes, 46, 425, 586 

decohesion, 448, 450 
surface, 51,729 
traces, 304, 379 
wavy, 38, 44, 301,669 

>0.4 T,,,, 38 
Solidification, 250 

directional, 404, 424, 519 
Sonic response, 256-262 
Specimen 

applicability, 348, 693 
bend test, 453 
compliance changes, 526 

design, 203 
for fluidized bed, 245 
hourglass, 196 
plastic strip, 348 
zero gage length, 196 

Stacking fault energy, 69 
high, 38, 306 
low, 38, 124 

Strain 
accumulation (see Ratchetting) 
aging, 12, 61, 120, 187, 530, 57l, 

593, 666 
dynamic, 301,304, 308,458, 493 
embrittlement, 350 

amplitude, 9, 69, 301, 302, 480, 
496, 560, 576, 629 

in bending, 324 
component, 15, 749 
concentration, 584, 602, 679, 683, 

690 
and crack nucleation, 149 
creep (see Creep, strain) 
effective, 678, 679 
elastic, 773 
energy, 146, 728 
gradient, 18 
hardening, 73, 76, 154, 459, 542, 

545, 614, 710, 712 
and crack growth, 395, 509 
exponent, 73, 487, 560 

inelastic, 659, 747 
intensity factor, 169, 172, 584 
large, 38, 50, 320, 408 
mean, 171,474, 619, 673 
measurement, 208 
plane, 185, 701,712 
plastic, 112, 308, 404, 473, 482, 

483, 536, 659, 663,671 
concentration, 304, 305, 308, 

584 
model, 614 

prestrain, 154 
range, 57, 70, 90, 91,132, 168,326, 

368, 372, 402, 404, 417, 454, 



478, 496, 579, 602, 619, 632, 
641-643, 679, 707, 749, 757 

damage summation, 751 
partitioning, 603, 658, 747 
plastic, 12, 454 

ratchet, 555 (see also Ratchetting) 
rate, 12, 38, 70, 120, 124, 134, 166, 

197, 199, 304, 306, 316, 356, 
366, 577, 614, 637, 658-667 
(see also Frequency) 

at crack tip, 44 
intensity factor, 46 
saturation, 638, 642 
sensitivity, 76, 225, 620 

ratio, 29 
reversal, 17, 658-659, 747 
small, 132 
surface, 320 

detection, 731 
tensile, 366 
tensor, 621 
yield, 686 

Strength 
and crack growth, 145, 345 
creep, 287, 296, 438, 498, 705,746 
cyclic parameters, 126, 301 
and fatigue, 126, 130, 295, 408- 

410, 435, 436, 439, 530, 561 
grain boundary, 128 
precipitation, 76 
rupture, 452, 746 
subgrain size, 74 
yield, 345, 394, 402 

compressive, 540 
and crack growth, 396 
and temperature, 541 
tensile, 540 

Strengthening 
dispersion, 293,427 
precipitation, 427, 491,593 
solid solution, 76, 167, 427, 491 
by thermal cycling, 318, 362 

Stress 
amplitude, 7, 180, 266, 465, 502 
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compressive, 64, 324, 507, 746 
mean, 449 

concentration, 44, 246, 253, 584, 
671,679, 680, 703 

factor, 7, 265, 308 
constant, 50, 558 
constraint, 163 
and creep, 158, 507, 650 
critical resolved shear, 44 
dwell (see Holdtime) 
in fatigue, 46, 128, 130, 666 
field (distribution), 180, 250, 419, 

501,690, 691,705,765 
friction, 306 
general yield, 180, 188, 348 
intensity, 141, 145, 536, 764 

factor, 145, 164, 180, 183, 391, 
419, 420, 509, 584, 587 

minimum, 188 
range, 392, 420 
threshold, 180, 187, 188, 392 

mean, 17, 29, 159, 167, 180, 188, 
266, 269, 439, 440, 449, 506 

and crack stages, 449 
creep component, 50, 506 
healing, 49, 64, 506, 576, 762 

peak, 324, 327, 530, 753 
plane, 174, 185 
and precipitation, 377 (see Strain, 

aging) 
raiser, 158 

effects, 163 
range, 90, 515, 519, 679, 690 

frequency modified, 12 
ratio, 180 

and crack growth, 186-188 
relaxation, 17, 29, 134, 154, 327, 

366, 369, 505, 517, 583, 601, 
614, 642, 695, 747, 760 

cyclic, 373, 538 (see Ratchet- 
ting) 

residual, 29, 183, 505, 507, 508, 
523, 529, 565, 601,691,731 
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response (steady-state), 302, 305, 
306, 308 

rupture, 332, 335, 368, 373, 431, 
694 

saturation, 70, 302 
grain size, 302 
subgrain size, 71 

stress-strain curve (see Cyclic) 
tensile, 324, 507, 515 
thermal, 242, 256, 404, 408, 541, 

598 
vibratory, 464 
yield, 304, 345, 394 

Striations (see Fatigue, striations) 
Sulfidation, 287 (footnote), 296, 410, 

427 
Surface 

condition and NDT, 731 
energy (fracture), 50, 150 
failure, 404 
preparation (integrity), 7,236,277, 

508, 516-517, 518, 522, 530, 
700 

roughness, 531 
stability, 404, 410 
yield surface, 713 

T 
Temperature 

brittle-ductile transition, 413 
crack growth, 141, 350-353, 391, 

395, 498, 510 
threshold, 391 

cracking mode, 50, 127 
creep component, 50, 320, 508 
and dislocation cell size, 302 
equivalent, 93-96, 480 
fatigue effects, 9, 12, 16, 21, 61, 68, 

91, 127, 130, 141, 166, 357, 
417, 451,475, 480, 498, 579, 
603, 659, 660, 746 

fluctuations, 312, 478, 498, 501, 
503, 510, 712, 746, 769 

amplitude, 103, 108, 166, 417 
and oxides, 102 

and fracture, 21,479,498, 510 (see 
Fracture, mode) 

frequency effects, 63 (see Fre- 
quency) 

and grain boundary, 292, 295, 462 
(see also Grain, boundary) 

high temperature alloys, 285,320, 
410 

life prediction, 94, 127, 478, 498, 
579, 652, 659, 662-663, 666, 
684, 746, 749 (see also Life- 
time) 

oxidation effects, 51, 53 
ranges, 102, 225, 690 
recovery, 70, 75, 90 (see also An- 

nealing) 
strain rate effects (see also Strain, 

rate), 124, 305, 314, 616, 659 
and testing, 196 

Test methods, 10, 11, 17, 194, 198, 
225, 228, 460, 695,749 

data comparisons, 603 
simulation, 232, 459, 601, 633, 

689, 707, 769 
Thermal 

cycling (see Cycling, thermal) 
fatigue (see Fatigue, thermal) 
ratchetting (see Ratchetting, ther- 

mal) 
strain (in creep), 601 
stress, 5, 151,500 (see also Stress, 

thermal) 
Thermal protection system, 255 
Time (see Creep; Cycling, ratio; 

Frequency; Holdtime) 
dependent mechanisms, 592 (see 

Creep) 
independent mechanisms (see Fa- 

tigue) 
fraction rule, 584, 674 (see also 

Damage, rules) 
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in strain range partitioning, 666 
testing cycle, 195 

Twinning (see Deformation; Micro- 
structure) 

U 

Ultrasonic measurement (see also 
Nondestructive tests) 

crack growth, 139 

V 

Vacancies 
annihilation, 463 
condensation, 46, 463, 471 
flow, 592 (see also Cavitation) 
pinning, 463 
production, 48 
supersaturation, 48 

Vacuum (see also Environment) 
life effects, 51,757 (see also Life- 

time) 
and frequency, 112, 114, 757 (see 

also Frequency) 
Vapor deposition 

of coatings, 413 
Variables in testing, 214, 224 
Voids (see Cavitation; Cavity) 

formation, 576 
growth, 595 

W 

Weld and'design, 688, 699 
fatigue in, 587 

X 
X-ray 

analysis for subgrains, 85-87 
integral breadth ratio, 87 


